IN A RECENT ISSUE OF THIS journal, Zemans and colleagues (13) reported a role for ␤-catenin and two of the CCN matricellular proteins in experimental inflammatory lung injury. Cell culture experiments and in vivo mouse models were used to demonstrate that signaling through the p300/␤-catenin axis in lung epithelial cells promotes repair following neutrophil-dependent disruption of the epithelial barrier. The studies further delineated that this protective effect is mediated through two CCN matricellular proteins: cysteine-rich angiogenic inducer 61 (Cyr61) and Wnt-inducible signaling pathway protein 1 (WISP1). These studies, built upon previous findings by this group (12) , provide a strong argument for the importance of the ␤-catenin pathway in lung epithelial cell repair processes.
␤-Catenin has two prominent roles in the cell: one as a transcriptional regulator, the other as a component in the adherens junction. Under quiescent conditions, cytosolic ␤-catenin is phosphorylated and targeted for proteasome-mediated degradation. However, after Wnt binding to the cell surface receptor (Frizzled) or release of ␤-catenin from the adherens junction, ␤-catenin levels increase in the cytosol, allowing transfer to the nucleus. Nuclear ␤-catenin interacts with lymphoid enhancer factor-1/T-cell factor (LEF-1/TCF) and transcriptional coactivator proteins, including p300 or cAMP-response element binding protein (CBP), to regulate gene transcription (2, 11, 13) . Pertinent to these studies, ␤-catenin-dependent effects can differ based on binding to p300 vs. CBP (2) .
Previously recognized for its prominent role in lung development (9) and progenitor cell differentiation (10), the ␤-catenin pathway has been increasingly recognized for its roles in response to injury and the subsequent repair. As such, it has become a point of interest as to whether targeting the ␤-catenin pathway might be an effective strategy for enhancing lung repair following injury. To date, the results are mixed, which likely can be explained by several factors, including 1) the ␤-catenin pathway forms complex interactions with other signaling pathways, 2) different types of injury may lead to different outcomes, and 3) transcriptional regulatory complexes containing p300/␤-catenin vs. CBP/␤-catenin, the composition of which is based on cell type and activation state, mediate different patterns of gene expression.
In previous studies (12), Zemans and colleagues noted that neutrophil migration through a lung epithelial cell layer induced injury and resulted in epithelial cell nuclear translocation of ␤-catenin and upregulation of ␤-catenin-dependent transcription. Furthermore, knockdown of ␤-catenin by shRNA following neutrophil-mediated injury delayed epithelial cell repair. In vivo, the authors used the p300/␤-catenin inhibitor IQ-1 and observed that this agent inhibited alveolar epithelial cell (AEC) proliferation following intratracheal keratinocyte Proposed schematic for events involved in p300/␤-catenin-and CCNdependent alveolar epithelial repair. Pathogen-associated molecular patterns (PAMPs) such as lipopolysaccharide (LPS) create a chemokine gradient, including keratinocyte chemokine (KC), that recruits neutrophils to migrate through the alveolar epithelial layer, leading to neutrophil elastase (NE)-dependent cleavage of E-cadherin (ECad) and release of ␤-catenin (␤cat) into the cytoplasm. With nuclear translocation, ␤-catenin can then bind to lymphoid enhancer factor-1/T-cell factor (LEF-1/TCF) and other cofactors. p300/␤-catenin-dependent transcription results in expression of targets promoting epithelial repair, a process which is promoted further when binding of ␤-catenin to cAMP-response element binding protein (CBP) is inhibited (for example, by the small molecule ICG-001). Among the many downstream targets of the p300/␤-catenin axis, the CCN proteins Wnt-inducible signaling pathway protein 1 (WISP1) and cysteine-rich angiogenic inducer 61 (Cyr61) are expressed by epithelial cells in areas of injury, promoting repair of the alveolar epithelial cell layer. chemokine (KC) administration but did not affect neutrophil influx into the alveolar space. In the recent article (13), they took a different approach by evaluating in vitro and in vivo models after promoting p300/␤-catenin-dependent signaling with the compound ICG-001. ICG-001 is known to inhibit the CBP/␤-catenin interaction, which then favors p300/␤-catenindependent effects (2) . In vitro, ICG-001 accelerated epithelial repair after neutrophil transmigration across an epithelial monolayer and in the scratch assay (13) . Furthermore, ICG-001 reduced lung permeability in mice treated with intratracheal KC. Neutrophil elastase was found to cleave E-cadherin, which likely functions to release ␤-catenin into the cytosol and activate downstream events. Thus the primary injury itself appears to set into motion mechanisms to orchestrate repair (12, 13) . Taken together, these results suggest that signaling through p300/␤-catenin promotes epithelial repair processes.
Results from the present study complement other in vitro studies reporting that lung epithelial cell wound healing is dependent on the ␤-catenin axis (1, 11) . In addition, recent investigations by our group demonstrated that deletion of ␤-catenin in the alveolar epithelium of the adult mouse increased AEC death and enhanced lung fibrosis following intratracheal bleomycin (11) . In 2010, Henderson and colleagues (2) reported that ICG-001 diminished bleomycin induced lung fibrosis, an observation that likely reflects favorable effects of not only inhibiting CBP/␤-catenin, but also of maintaining signaling through p300/␤-catenin. Despite these complementary studies, Kim and colleagues (5) recently reported that knockdown of ␤-catenin in the lung using intratracheal administration of siRNA decreased bleomycin-induced lung fibrosis. Since ␤-catenin pathway activation may promote different effects in different cell populations, activation of ␤-catenin in nonepithelial cell types, including lung fibroblasts, could inhibit lung repair and worsen fibrosis (7) . Thus ␤-catenindependent effects likely must strike a fine balance across different cell populations to help orchestrate normal lung repair following injury.
Zemans and colleagues (13) performed studies that indicated that two CCN proteins that are regulated by p300/␤-catenin, WISP1 and Cyr61, are involved in epithelial cell repair. The CCN family consists of six homologous cysteine-rich proteins, with the acronym CCN derived from the first three members of the family: Cyr61, or CCN1; connective tissue growth factor (CTGF), or CCN2; and nephroblastoma overexpressed (NOV), or CCN3. WISP1, WISP2, and WISP3 comprise CCN4, CCN5, and CCN6, respectively (4). CCNs are involved in diverse functions, many of which are dependent on their interactions with integrins. Notably, the roles of CCN proteins in cell adhesion and spreading likely reflect the wound healing characteristics noted in this study. However, like ␤-catenin, many CCN-dependent effects are cell or situation specific, making generalizable predictions for the roles these proteins play as a class difficult.
In these investigations (13) and their prior study (12), Zemans and colleagues observed that WISP1 and Cyr61 were upregulated downstream of p300/␤-catenin in their neutrophil mediated epithelial cell injury model. In fact, ICG-001 increased both WISP1 and Cyr61 expression in epithelial cells adjacent to the wounds. These facts, combined with the observation that recombinant WISP1 and Cyr61 also promoted epithelial wound healing, suggest that the beneficial effects of the p300/␤-catenin axis are at least in part mediated through these two CCN proteins. Considering that ICG-001 also had favorable effects on lung injury in vivo combined with the observation that intratracheal LPS induces WISP1 expression in lung tissue, it is likely that this p300/␤-catenin-CCN relationship is important to wound healing in vivo.
Taken together, these investigations provide a compelling argument for a protective role for CCN proteins, specifically Cyr61 and WISP1, in lung epithelial injury. However, as noted with the diverse reports concerning ␤-catenin and wound healing, similar discrepancies are noted with evaluations of the CCN proteins. In contrast to these present studies in which recombinant WISP1 improved epithelial wound healing following neutrophil migration injury (13), Li and colleagues (8) reported that recombinant WISP1 enhanced alveolar-capillary permeability in ventilator-induced lung injury in mice, whereas anti-WISP1 antibodies reduced permeability. Furthermore, Konigshoff and colleagues (6) demonstrated that administration of anti-WISP1 to mice attenuated bleomycin-induced lung fibrosis and improved survival. Although Cyr61 has not been analyzed as thoroughly in vivo, a study by Jin and colleagues (3) demonstrated a protective role in hyperoxia-mediated cell death in pulmonary epithelial cell lines.
In summary, this work by Zemans and colleagues provides several important insights into mechanisms of repair following injury to the lung epithelium, namely that 1) neutrophil elastase cleavage of E-cadherin is likely the initial step that sets into motion the subsequent ␤-catenin-dependent healing effects; 2) the p300/␤-catenin axis appears to drive epithelial repair mechanisms; and 3) these repair mechanisms are likely mediated through the CCN proteins WISP1 and Cyr61 (Fig. 1) . Taken together, their work provides an important contribution to the respiratory community's search for effective therapies to limit lung injury and enhance lung repair. 
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